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OCOBEHHOCTH TEflJlOOBMEHA B OEJ1ACTH BflyBA 
B CBEPX3ByKOBOR BblCOKOTEMnEPATyPHblH OOTOK 

rj r\ 9Kcnepu.MeHTa.ibH0 uccjiedoeaHo pacnpede/ienue KOaijxpuyu- 

/ Y eHTa TeruoodMeHa npu edyee easa e caepx3ByKoeyio hocti, cotiaq 

' ' JIaeaAH. 6bi.9e.ieHW onpede.nuouyue 6c3pa3Mepnbic napancTpbi 

uccAedyeMOeu npouecca. 

B nocjieaHee BpeMH pe3Ko B03poc HHTepec HccJieflOBaTeJieA k H3yneHHio 
cBepx3ByKOBhix TeMeHHH c nonepeHHhiM BflyBOM BTopH«moro ra3a. B H3BecT- 
Hbix padoTax nocTaTOHHO no,apo6HO ocBemeHbi ra30flHHaMHHecKHe Bonpocbi 
H IipaKTHMeCKH nOTIHOCTblO OTCyTCTByiOT flaHHbie 06 HCCJieflOBaHHHX OCOSeH- 
HOCTeft Ten;ioo6MeHa, hto hb-ihctch Heo6xoflHMbiM ajih pemeHHH 3aaau b ue- 
jiom. HaMH cae.iaHa nonbiTKa BOcnojiHHTb stot npo6e.n. 

MeroanKa 3KcnepnMeHTa.nbHoro HCCJieAOBaHHH H3Jio>KeHa b [1]. Cym- 
Hocib MeTozia aaK-noMa^acb b SKcnepHMeHTa^bHOM onpefleneHHH ko3({)4>huh- 
eHTa Ten.ioo6MeHa no HecTauHOHapHOMy HarpeBy cneunaJibHoro 30Hiia — 
Ten.non30.iHpoBaHHoro no 6 okoboh noBepxHOCTH fljiHHHoro u.HJiHH.apa, 3ane- 
jiaHHoro b cxenKy Kanaka. Uh.thhap 3afleJibiBa^CH topuom 3anofl^Huo r. 
noBepxHOCTbio ctchkh, OMbiBaeMOH hotokom. HarpeB 30H.na no BpeweHH 4 >hk- 
cnpoBa.ncH TepMonapofi, BHekpeHHOH b ero Teno na paccTOHHHe x ot Topua, 
OMbiBaeMoro ra30M. K.03(})<})HUHeHT TenaooSMeHa onpeaejiajicH no (JiopMyJie 

■ T — erfc %= exp (Hx H 2 ar) x 


2 Y ore 


X erfc ( + H V ax ) , 
\ 2 i- ax I 


noTiynaeMOH H 3 pemeHHH 3 aaaHH HecTannoHapnoro HarpeBa nonyorpaHHHeH- 
Horo miTiHHflpa npw rpaHHHHbix ycjioBHHX TpeTbero po,aa [2]. Mo*eT ObiTb 
Hcnojib 30 BaHO to >Ke pemeHHe b KpHTepnajibHOH tpopMe: 


2/Fo x 


exp (Bi x Bil Fo x ) erfc | 


; 2 Y Fo a 


Bi x V Fo x | , 


T(x, T)-r 0 . 

T t -T 0 ' 

Bi x = ~ ; Fo a 


jJjiHHa TenJioH30JiHpoBaHHoro CTep)KHH BuGnpanacb TaKon, mto 6 h 3a Bpe- 
MH 3KcnepHMeHTa TeMnepaTypnue B03MymeHHH ne nocTHrnH ero HeoMbJBae- 
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Moro noTOKOM Topua. nocaeanec xoKTpoaHpveTCfl cneuHanbHoii TepMO- 
napofi. 

npH npoBeaenHH axcnepHMeHTOB b CTeHxy conaa b o6aacTH BayBa ra3a 
3aae.TbiBa.n0eb 30 — 40 erep/HHefi — 30HaoB. floxa3aHHH TepMonap perHcrpn- 
poBa.nacb Ha uiaefitjjoBhix ocuHaaorpa<{)ax H-700. Tepiionapu 3aaeauBaaHCb 
iia oaiioil noaoBHHe npeanoaaraeMoii 30Hbi B03MymeHHH TeneHHH. Chmmct- 
pumio hm, na apyrofi no.noBHHe 30Hbi, H3Mep«aocb noae aaBaenHH, no3Boanio- 
mee coraacoBaTb xapaxTepHCTHxa Tenaoo6MeHa c ocoSeHHOCTHMH ra3oanHa- 
MHHeCKOH KapTHHb! TeneHHH. 

Hcc.neaoBaHHH npoBoanancb Ha cBepx3ByxoBbix kohhmcckhx conaax c 
MucaaMH Mi b ceneHHH BayBa, paBHbiMH 2,75 h 3,36, xoTopue ycraHaBaHBa- 
.iiicb Ha ra3oreHepaTopHoii yeraHOBxe. B xanecTBe pa6onero Teaa (nan oc-‘ 
HOBHoro, Tax h BayBaeMoro) Hcno.nb30Ba.nncb npoavxTbi cropaHHH KepocHHa 
b B03ayxe c TeMnepaTvpofl TopMO/xeHHH T\ = 600-^-1700 °K h noaHHM aae- 
aeHHeM Pi = 20-f-43 Gap. Ta3 BayBaacn nepneHanxyaapHo ereHxe conaa ne- 
pe3 npyraoe OTBepcTHe b CTeHKe conaa anaMeTpo.M d 2 =4-4-12 mm. BTopunHbiii 
ra3 nan BayBa 0T6npaacH H3 xaMepu cropaHHa ra3oreHepaTopa. H3MeHeHHe 
pacxoaa BropHMHoro ra3a aocTHraaocb 3a cneT H3MeHeHHH anaMeTpoB oTBep- 
cthb BayBa d 2 h nocTaHOBKon pacxoaHbix uiaH6 b TpyOe noaBoaa BayB&eMO- 
ro ra3a, neM aocTHraaacb HMHTaunH pa3aHHHbix cxeM noaann BTopnnHoro 
ra3a — apocceanpoBaHHH aaB.neHHH h H3MeHeHHH naomaan ceneHHH conaa 
BayBa. PaccTOBHHe ot oTBepcTHH BayBa ra3a ao cpe3a conaa Bbi6npaaocb 
T3KHM 06pa30M, mogbl XpHBOaHHeHHHH CXaHOX ynaOTHCHHH, 06pa3yrc>mHHCH 
nepea BayBaeMoft CTpyeft, He nonaaaa Ha CTeHxy 7 conaa h He B03HHKaaa ot- 
paaveHHan yaapHaa BoaHa. Macao Pefmoabaca Rei paBHaaocb (l-r-8)-10 6 . 

CymecTBeHHOe 3HaneHHe aaa xoHenHbix pe3yabTaT0B HccaeaoBaHHH HMe- 
ct BbiOop onpeaeafliomeH TeMnepaTypu Tj, xoTopaa npeacraBaaeT co6oft Me- 
cTHyio TeMnepaTypy npncTeHHoro caoa ra3a b B03MymeHH0H 30He h aHaao- 
rnnHa TeMnepaType BoccTaHOBaeHHH T e b norpaHHHHOM caoe. H3BecTHO, hto 
3Ta Be.nHnHHa 33bhcht ot CTeneHH anccouHauHH paOonero ra3a, oTHOCHTeab- 
hoh HHTeHCHBHocTH H3.nyneHHH, ycaoBHH TenaooOMeHa h t., a. B ycaoBHax 
iipoBeaeHHa axcnepHMeHTOB anccomiamifl ra3a npaxTHnecxH OTcyTCTBOBaaa, 
aoaa aynHCTbix renaoBhix noTOKOB b o6meM TenaoBOM noroKe, nonaaaromeM 
Ha cTeHKy conaa, cocTaB.naaa npeHeOpeJKHMo Maayio BeannHHy. B sthx ycao- 
bhhx cooTBeTCTByiomnH pacneTHUH aHaaH3 noxa3bJBaeT, mo onpeaeaaromaH 
TeMnepaTypa Tj npHMepHO Ha 5 — 8% HHjxe T t , t. e. 7/ ~ 0,92 -f- 0,95 7'j, mo h 
6uao npHHHTO b aaabHefiineM. FIpn axcnepHMeHTaabHHx H3MepeHHH.\ Tf 6bi- 
ao noayneHO Tj/T\ = (0,93-4-0,95) ±0,08. 

Ha pnc. 1 npeacTaBaeHo THnHHHoe pacnpeaeaeHHe oTHocmeabHoro ko- 

~ 

3(})(J)HHHeHTa TenaooSMeHa a = a / ao no aaHHe conaa x= — — aaa aaBaeHHH 

. f * 2 

P* = 32 Gap h OTHOineHHH TeMnepaTvp Top.Mo>xeHHH 7y7| =0,95 npn Tpex 
3HaneHHHx OTHocmeabHoro pacxoaa BayBaeMoro ra3a. Ha pnc. 2 npHBeaeHO 
pacnpeaeaeHHe a no uempaabHOMy yray q>i aaa Tex *e ycaoBHH b nonepen- 
hom ceneHHH conaa. 

H3MepeHHwe npn BayBe ra3a b conao 3HaneHHH Koa^njJHUHeHTa Tenaoo6- 
MeHa a OTHeceHU k cooTBeTCTByiomHM aoKaabHUM 3HaneHHHM ao aaa Toro 
/Ke conaa npn Tex >xe napaMeTpax ocHOBHoro ra30Boro noToxa, KOTopue Tax- 
>xe 6biaH noayneHbi 3xcnepHMeHTaabHbiM nyTeM npH OTcyTCTBHH BayBa ra3a. 
BbiSop b xaxecTBe ecTecTBeHHoro MacuiTa6a OTHeceHHH a an <x hmchho h 3- 
MepeHHUx 3HaneHHH ao no3BoaHeT yMeHbinHTb B03MO)XHyK) cHCTeMaTHne- 
cxyx) norpeuiHOCTb npHHHToro MeToaa H3MepeHHH xoa(})(})HUHeHTa Tenaoo6- 
MeHa. H3MepeHHbie npn otcj'tctbhh BayBa ra3a b conao 3HaneHHH xoatpcpHUH- 
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fcHra ao conocTaBaflancb c pac>ieTHb!MH aaHHbiMii, noayneHHbiMH no ii3becT- 
1 ! bi m MeToaaM pacweTa K03(j)(J)HUHeHTa Tenaoo6MeHa (no (JiopMyae aaa oOun- 
hoh u,H.nHHiipHMecKO!i TpyOu, MeToau Baprua, ABayeBCKoro. He3.neBa h t. a.), 
n npn 3tom 6biao noayneHo yaoBaeTBopHTeabHoe coBnaaeHne sthx aaHHbix. 

Kan BiiaHo H3 pnc. I, 2, b o6aacTH BayBa nponcxoaHT cymecTBeHHaa ne- 
pecTpofiKa KapTHHbi Tenaoo6»ieHa, HHTeHCHBHOCTb ero yBeaHMHBaeTca no 
Been noBepxHocTH conaa, orpaHnneHnofi 30 hoh B03MymeHHH. .Qan o6bHCHe- 
hhh 3Toro xapaKiepHCTHKii Tenaoo6MeHa conocTaBanancb c aannuMH ii3Me- 
peHiifi noaefi aaB.ieHHH. no.nyMemibix b Tex >«e 3KcnepHMeHTax. 



« — f 

4 Z 

• — 3 



-4 0 4 Xj/d z o PO BO if. 

Flic. 1. M3.veneune K03(p(}>minema ren.nooCMejia no a-ume con.na npH BayBe 3 Bvkoboh crpyii 
wepe3 Kpyr.ioe OTBepcnie. d->= 10 mm; Mi = 2,75, 1 — G 2 = 2,2%; 2 — 4,75; 3 — 7,5 

Pnc. 2. Pacnpeaeaewie K03<jic|>HUHeHTa TenaooOMeHa b nonepeiHo.v ce^eHim conaa 
Xi/dt—4,\ a-iH Mi=2,75 npn Bayse ra3a: 1 — Gz~ 2,2%; 2 — 4,74; 3 — 7,5. <p . zpad 

CoBMecTHoe paccMOTpeHHe noayneHHUx pe 3 yabTaTOB c npHBaeHeHHeM 
H3BecTHbix pa6oT no 4>H3imecKOMy B3aHMoaeHCTBHio hotokob npn BayBe ra3a 
b CBepx3BVKOBoii noTOK [3], [4] 'h ap. ncKa3biBaeT, hto na .thhuh OTpbiBa 
TpexMepHoro norpaHHHHoro caon (aHHHH s) KoatJxjiHUHeHT Tenaoo6MeHa 
nMeeT MecTHbift mhhhmvm. 3to xopouio coraacyeTCH c pe3yabTaTaMH [5 1, 
rae npeaaaraercn onpeaeaHTb TOHKy OTpbiBa norpaHHHHoro ca oh no aonaab- 
HOMy MHHHMyMy K 03 (j)(f>HnHeHTa a. MaKCHMaabHbie 3 HaneHHH K03(j)(}>HUHeHTa 
TenaooSMeHa o mas HaSaroaaioicH nepea BayBaeMoiii cipyen Ha anHHn pac- 
TehaHHH a (cm. pnc. 1). Xopoino coraacyiOTCH noayneHHbie pe3yabTaTH c 
TenaepoBCKHMH ^oTorpacfiHHMH (cm.. HanpnMep, [3]). a m ax cooTBeTCTByeT 
30He naaeHHH KpHBoaHHeftHoro CKaHica ynaoTHeHHH Ha creHKy conaa. Heno- 
cpeacTBeHHO nepea crpyefi KoatJj^HUHeHT TenaooSMena pe3KO VMeHbuiaeTCH, 
hto CBH3aHo c HaanqHeM 3aecb 33 ctohhoh 30hh. CaeayeT oTMeTHTb, mto Ten- 
aoH3oaHpoB3HHUH cTepwenb, npHMeHneMbiH aan onpeaeaeHHH aonaabHoro 
3HaHeHHH K 03 ({)(}}HUHeHTa TenaooSMeHa, HMeeT KOHennhie pa3Mepu, hto npn- 
Boa«T k HenoTopoMy ocpeaHeHHio 3HaaeHHH a, noayqaeMHx npH H3MepeHHHx. 
riosTOMy a-JiH 6oaee tohhoi-o onpeaeaeHHH a ma x 6uan npHMeHeHU cneuHaab- 
Hbie BCTaBKH b conao BayBa, b kotopux OTBepcTHe aa h BayBa BwnoaHHaocb 
C HeKOTOpbIM 3 KCUeHTpHCHTeT 0 M OTHOCHTeabHO 60 K 0 B 0 H HOBepXHOCTH BCT3B- 






t 
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kh, hto no3Bo.an.i6 H3MeH«ib no.ao>KeHHe OTBepcTHH BayBa b cieHKe conaa 
OTHOCHTe.lbHO 3aaeaaHHblX HenOflBHWHO Ten^0H30JIHp0BaHHUX CTepiKHeH Ha 
fle.aHMHHy aioro SKCueHTpHCHTeTa. Bo3pactaet Koa^HUHeHt Ten.aoo6MeHa 


h b 30He 3a BaysaeMOH cipyefi. HmepecHO, hto Ha aaHHe x = 8-HQ a~ao, 
r. e. 3<})(})eKT B03MymeHH» b cMucae Tenaoo6MeHa npaKTHHecKH HCHe3aeT, a 
3T0 rOBOpHT_o6 ynOpHflOHeHHOCTH flBH>«eHHH nOTOKa B 3T0H 30He. XapaKTep 
H3MeHeHHfl a no yray <p t TaKwe noBTopaeT oco6eHHOCTH ra3o-aHHaMHHecKOH 
KapTHHbJ TeveHHH: M3KCHMyMU K03(})(})HUHeHTa TenJ1006MeHa COOTBeTCTByiOT 
.ihhhhm pacTenaHHa, a MHHHMyMu pacnoaaraioTCH Ha aHHHax creKaHHa Mac- 
.IHHblX KapTHH TeHeHHH. 

npoBeaeHHbie hbmh 3KcnepHMeHTaabHbie HccaeaoBaHHH bjihhhhh pa3JiHH- 
Hbix napaMeTpoB ochobhoto h btophhhoto noTOKOB Ha HHTeHCHBHOCTb Ten.ao- 
ofiMeHa b 30Ke B03MymeHHH noKa3aaH, hto ocHOBHoe bjihhhhc Ha a 0Ka3biBa- 

Q ' 

eT oTHOcHTejibHhifi pacxoa BayBaeMoro ra3a G 2 = — h nacaoMaxa ochobhoto 

Gi 

noTona Mi b ceneHHH BayBa. HaB.aeHne TopMO/KeHHH P 2 BiiyBaeMoro ra3a 


npn nocTOHHHOM ero pacxoae, aaBaeHHe Pi h TeMnepaTypa T i ochobhoto 
noTona, npo$HaH ochobhoto h btophhhoto conaa npaKTHHecKH He 0Ka3UBa- 


K)T b.ihhhhh Ha OTHocHTejibHyio BejiHHHHy K03<jHpHn.HeHTa Tenaoo6Mena a. ' 

Ha pHC. 3 npHBOAHTCH 33BHCHM0CTb MaKCHMaJIbHOTO 3H3HeHHH a OT OT' 
nocHTejibHoro pacxoaa Ha BayB h HHcaa Mi Ha6eraioinero noTOKa. Bhaho, 
hto OTHocHTejibHbift pacxoa BayBaeMoro ra3a 0Ka3UBaeT peinaiomee b/ihhhhc 
na a m aj- yBe.aHneHHe Mi TaKHte HecKoabKO yBeaHHHBaeT MaKCHMaabHoe 3Ha- 
neHHe K03$(J)HUHeHTa Ten.aoo6MeHa. 3to 03HaHaeT, hto CMemeHHe OTBepcTHH 
BflyBa b conae 6aHH<e k KpHTunecnoMy ero ceneHHio npHBeaeT k HeKoropoMy 
yMeHbiueHHfo oraocHTeabHoro KoatpcpHUHeHTa TenaoofiMeHa a m ai, oaHaKO no 
a6COJHOTHOH BeaHHHHe OH npH'STOM yBeJIHHHTCH, Tak KaK yBejIHHHTCH OflHO:- 
BpeMeHHo K03(})(J)HUHeHT Tenaoo6MeHa oq . 

Rjifi BbiHB.ieHHH onpeaeamoimix KpHTepHeB nccaeayeMoro npouecca boc- 
no.ib3yeMCH aHa.aH30M pa3MepH0CTen, kotophh no3Boa«eT BUHBHTb 3th 6e3- 
pa3MepHbie napaMeTpbi, He npHSeraa k ypaBHeHHHM, oriHCbiBaiomHM nccae- 
flyeMbifl npouecc '[6], 

3anHiueM Bee He3aBHCHMbie napaMeTpu 3aaaHH, xapaKTepH3yiomHe Moae- 
.iHpyeMoe HBaeHHe, chht3h hckomoh bcjikhkhoh K03(})(J)HHHeHT Tenaoo6MeHa 
a: x u qpi — KOopaHHaTbi tohkh b conae; a>i,;pi, c Pl , X], rji, R\, T t — napaMeT- 
pbi ochobhoto ra30Boro noioxa; w 2 , p 2 , c Pl , t)2, R 2 , T 2 — btophhhoto; D j — 

TeKymnfi flnaMeTp conaa; p — yroa BayBa; T CT — TeMnepaTypa ctchkh; g — 
vcKopeHHe chjih thjkccth; yi — yroa pacTBopa conaa; l\ — paccTOHHHe ot 
KpHTHHecKoro ceneHHa; Fl\ n Pl 2 xapaKTepH3yiOT npocpHJib ochobhoto h bto- 
pHHHoro conna; d 2 — anaMeTp OTBepcTHH aJia BayBa; l T h e — MacuiTa6 h hh- 
TeHCHBHOCTb TypSy.aeHTHOCTH; p 2 — K034»j ,H U HeHT pacxoaa BTopHHHoro con- 


.aa. 


TaKHM o6pa30M, HMeeTCH coBOKynHocTb 29 napaMeTpoB, KOTopaa onpeae- 
.aaeT Tenaoo6MeH b conae b B03MyuieHHofi 30He npn BayBe ra3a. Ochobhumh 
eaHHHuaMH H3MepeHHH 6yayT: k r, m, cen, °K. 

flpouecc paccMaTpHBaeM nan KBa3HCTauH0HapHUH. FIpHMeHHeM jt-Teope- 
My BaKHHreMa. 06mee hhc.io 6e3pa3MepHUX KpHTepHeB 

r = n — m' = 29 — 4 = 25. (5) 


M 3 hhx oaHa 6e3pa3MepHaa BeaHHHHa a 6yaer cpy HKUHefl 24 apyrnx 6e3pa3- 
MepHbix KpHTepHeB. llpoBeas aaaee aHaaH3 pa 3 MepH 0 CTeH, coraacHo [ 6 ], 
no.aynaeM, hto peineHHe 3aaanH 0 Tenaoo6MeHe npn btophhhom BayBe ra3a 
b conao M0*eT HMeTb, HanpHMep, caeayiowHii BHa: • 


2. K 5 




* 


npn ftxiee o6mefl nocraHOBKe 3aAaHH b hhcao onpe^ejiHiomHx kpHTepweB boh- 


Aer em,e Sh = 


WTo 

l 


■ , tm t 0 — xapaicrepHoe BpeMH. 


... Kax bhaho, peweHHe 3aa aHH b caMoft o 6 meif nocraHOBKe HMeer qpe 3 Bbi- 
qaflHo cjio>KHbiH bha. FlqaTOMy a.ifl eroynpomeHHH Heo 6 xoAHMO npoaHajiH 3 H- 
pOBaTb Bee 6 e 3 pa 3 MepHhie BeJIHHHHH C TOHKH 3 peHHH HX B 03 MO>KHOrO BAHH- 
HHH Ha HCKOMblH pe 3 yJIbTaT, T. e. KaK 6 u BblHBHTb K 03 (j)(|)HUHeHTbl BJIHHHHH 
JlJlft Ka)KAOrO H 3 3 THX napaMeTpOB. EcTeCTBeHHO, HTO BBHAy OTCyTCTBHH 
aHa.aHTHqecKoro peiueHHH 3 aA 3 HH otbct Ha 3 to MOJKeT AaTb SKcnepHMeHTajib- 
Han npoBepka bjihhhhh KawAoro H 3 KpHTepneB Ha HconeAyeMUH npouecc. 

HTorH npoBeaeHHbix 3 KcnepHMeHTa.ibHbix HCCJieAOBaHHH no bubbachhio 
b.hhhhhh 6 e 3 pa 3 MepHUx napaMeipoB ypaBHeHHH ( 6 ) Ha a aah ycjioBHH, Ha- 
S/iKDflaiomHxcH npn npoBeaeHHH SKcnepnMeHTOB (p = 90°, M 2 =l h t. a.), a 
Taioke Hcno.ib 30 BaHHe npHBeAeHHbix b BHTepaType SKcnepHMeHTaJibHbix Aan- 
JiblX n 03 B 0 J!HJIH HCKBIOHHTb 6 e 3 pa 3 MepHUe napaMeTpbl, OTHOCHTeAbHO KOTO- 
pux npouecc HBJineTCH npaKTHnecKH aBTOMOACJibHWM. Torua KOHeuHoe peuie- 
HHe AJIH HaiUHX yCBOBHH npHHHMaet BHA 


l 


\ 


I 


a = 



•Pi. M l> 


• 02 ^2 

p\q(Xi)-\nn. ' 



(7) 


ripeACTaB.ieHHe a b BHAe a=«/ao, a He b BHAe Hncjia Nu cbh 33 ho c TeM, hto 
oTHOCHTejibHan HHieHCHBHOCTb Ten.noo6MeHa npaKTHnecKH aBTOMOAeJibHa no 
Hucny Rei b HCCJieAOBaHHOM AHana30He ero H3MeHeHHH, a Nu — f(Rei), h no- 
3 T 0 My nepexoA k a ecrecTBeH. KpoMe Toro, a mo>kho npeACTaBHTb h Kax 


ij Nu 
Nu = 


at 

K 


Nu 0 


K 


— a. 


(8) 


KoMnAekc 




npeACTaBJiHCT co 6 oh oTHOuieHHe pac- 


P 1*7 (7*i) ' - ft - . 1 

F l I ““ 

xoAa BAyBaeMoro ra3a k pacxOAy ochobhoto ra3a uepe3 eAHHumiyio ruiomaAb. 

B cjiyqae p ^ 90° h Mjf= 1 pemeHHe 3aAauH aah cjiyuan, xorAa BAyBae- 
muh ra3 0T6HpaeTCH H3 xaMepu cropaHHH, mojkho npeACTaBHTb b BHAe 


rue q = 


o = f f ~~ . *Pi> Mj, Mj, q, • 3- (1 — cos P), 0 CT 1 

L d 2 ntjw^ w 1 J 

ft 


(9) 


Pitt)? 


T 

CT 

CT rr,* 


x* = [ — cos 


KOMruaeKc 


x w 

• — - (1 — cos p) 6ha paHee BBeAeH b pafxrrax B. C. BuHorpaAOBa 
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h B. H. riaHMeHKo. Oh o6o6maeT bahhhhc 6e3pa3MepHux napaMeTpOB p, k lt 

A,. Re, * ' R ' T ' ' 


( R * T i \ 
“>i ' \ RJi ) 


Heo6XOAHMO OTMeTHTb, HTO COBOKynHOCTb KpHTepHeB, BXOflHlUHX B COOT- 
nouieHHe (6), Mo>KeT 6biTb : nojiyieHa h apyrHM nyTeM — Ha ocHOBe aHaJiH3a 
vpaBHeHHH a.ah ocHOBHoro h BTopHUHoro noTOKOB ra3a. B hhcjio 3THX ypaB- 
HeHHH bxoaht ypaBHeHHe coxpaHeHHH cyMMapHoro pacxoaa ra3a b conjie, 
vpaBHeHHH coxpaneHHH 3HeprHH h HMnyjibcoB, ypaBHeHHH coctohhhh jyiH 
OCHOBHOrO H BTOpHMHOrO ra30B H T. R. 



Phc. 3. 3aBiicHM0CTb MaKCHMa.nbHoro K03(})(J)nuHeHTa ienaoo6MeHa' nepea Ba.VBaeMofl 
crpyefi ot oTHOCHTeabHoro pacxoaa BayBaeworo ra3a: 1 — AJ|=3,36; 2 — 2,75; f}=90°; G, % 

Phc. 4. 06o6meHHan 3aBHcnMoc.Tb a.ia waKCHMaabHoro 3Ha<ieHMn K03<J)(J)imHeHTa renaooC- 
MeHa b nonepeMHOM ceqeumi con.na 3 a OTBepcmeM BayBa 


HecMOTpa na 3Ha«iHTe;ibHoe ynpomeHHe pewemiH 3a.aaMH b BHAe (7) 
{b OT/iH4He ot (6)), npeflcTaB^ieHHe pe3y;ibTaTOB 3KcnepHMeHTa^bHbix Hccyie- 

JI.OB3HHH B 3T0H (})OpMe OKa3aAOCb 3aTpyflHHTe^bHhlM B BHA)' CAOJKHOCTH 
scero noJiH a b con^ie b B03MymeHHofi 3one. 

no3TOMy 3aBHCHM0CTH noAoOnoro pofla yaajiocb noAynHTb Ha ochobc pe- 
3y^IbTaTOB HCCJieflOBaHHH JIHHIb AJIH HeKOTOpHX XapaKTepHbIX 3HaneHHH a B 
B03MymeHH0H 30He, a He jinn Bcero nojin KoaijxpHUHeHTa Ten.noo6MeHa. 

Ha pHc. 3 npHBOflH^HCb HeKOTopae pe3yjibTaTbi HcaieAOBaHHfi aah Man- 
CHMajibHoro 3Hanei«iH oTHOCHTeAbHoro KoafpcpHUHeHTa TeanooSMeHa a m ax b 
o6jiacTH nepea cTpyefi BAyBa M 2 = 1 h p = 90°. 3 th pe3yAbTaTbi MoryT 

ObITb annpOKCHMHpOBaHbl 33BHCHMOCTbK) 


a„ 


- 1 


M?’ 35 


p /2 


p]q{K) • lnjI . 


0,19 


10.45 


( 10 ) 


noAoweHHe a max nepea crpyefi onpeaeAHercH cooTHouieHneM 




(ID 


rite x m — xoopiiHHaTa tomkh c amax 

2* 
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MaKCHMa.TbHUH K03(})(})HUH6HT TeiM 006 MeHa B B03MymeHH0H 30He B 
np 0 H 3 B 0 JibH 0 M nonepeqHOM ceneHHH comia 3a oTBepcTHeM BuyBa onpeaeJiH- 
eTCB nO COOTHOllJeHHIO 



o6o6maiomeMy pe3yjibTaTb> SKcnepHMeHjaflbHbix HCC-ieflOBaHHH juir *> 0 , P = 

= 90°, = 1 (cm. pHC. 4). 3aecb a x = a a x — MaKCHMajibHUH no 

B&HHHHHe OTHOCHTejlbHUH K03(}xJ>HUHeHT Ten^CK)6MeHa B npOH3BOJIbHOM CeweHHH 
con. a a 3a oTBepcmeM BflyBa. 

B cooTHOineHHHx (10) h (12) 0ct oTcyTCTByeT, Tan naK Ha naHHofi cra- 
AHH HCCJieaoBaHHH bji HHHH e aroro napaMeTpa He H3yiajiocb. 

noJiyneHHbie 33 bhchmocth Moryr 6wTb Hcno.ib30BaHbi npH opraHH3auHH 
TenJio3aui.HTb! cone.n, HMeiomnx chctcmu BTopHMHoro BflyBa ra3a iuib uejieH 
ynpaBJieHHH BeKtopoM thth. 


06o3HaHeHHn 

a — K03(})(}muneHT Ten.'iooGMena; x — paccTOHHHe ot oMbmaeMoro noTOKOM Topua 
CTepacHH ao npoii3Bo.ibHon tomkii b T&ae; x, — xoopAiiHaTa toixh na noBepxHOCTH coiuia, 
OTcqHThiBaeMaH no o6pa3viomefi or nonepemioro ceBeHiia, npoxoamuero uepe3 Hemp 
OTBepcrtis ajix aavBa; tpi — ueHTpa.ibHbifi yro.n inewav o6pa3yiomnMH noBepxHOCTH conna, 
npoxoaamHMH wepe3 uemp OTBepcrHH sayBa h npo'OBo.ibHvio Toixy; t — BpeMH; P — aab- 
jieHHe; T — TeMnepaTypa; ft 7 — cKopocTb; p — njiOTnocTb; c p — Ten.noeMKOCTb npH nocro- 
hhhom aaaaeHHH; m — Macca; F — n.iomaab; G — ceKynaHufi pacxoa ra3a; a, k, rj — xo- 
3<})(}>HUHeHTbi reMneparyponpoBoaHocTii , Ten.ionpoBoaHocTH h anHaMimecxofi b«3kocth; 
D, d — AHaMeTp; / — amnia; R n k — ra30Ban nocTonHHan u noxa3aTe.ib azuiabaTbi; (3 h 
y — yro.q B/;yBa h vro.n pacrBopa xoimaecxoro coruia; r — o6mee ihcoo 6e3pa3MepHux xpH- 
TepHeB; n — "o6uxee Bueno napaMexpoB; m' — xHC.no He3auMCHMbix eaHHHu H3MepeHHB; Re, 
Pr, Nu, Bi, Fo. Fr, Sh, M — wwa PeimojibAca npanjiTJiH, HyccenbTa, Bho, <t>ypbe, <Dpy- 
aa, CTpyxana, Maxa; HHAexcM: 0 — HaxanbHbie napaMerpu, napaneTpu npn orcyTCTBHH 
BayBa ra3a b con.no; 1,2*, ct, — napaMeTpw ochobhoto noTOxa, BflyBaeMofi cipyw, topmo- 
>xeHHH, CTeHKii cooTBeTCTBeHHo; max — MaxcHManbHoe 3HaxeHHe; e, x — napajueTpbi boc- 
craHOBaeHHH h b npoH3BonbHOM nonepexgoM ceneiiMH con.na. 

Nomenclature 

a, heat transfer coefficient; x, dinstance from streamlined rod end face to any point of 
body; Xj, coordinate of point on nozzle surface calculated along generatrix from cross- 
section passing through centre of orifice for blowing; <p lf central angle betweengenerating 
nozzle surfaces passing through centre of orifice for blowing and any point; t, time; P, 
pressure; T, temperature; w, velocity; p, density; c p , heat capacity at constant pressure; 
m, mass; F, area; G. gas flew rate per second; a, X, T), thermal dif fusivity, thermal con- 
ductivity and dynamic viscosity; D, d , diameter; l, length; R, k, gas constant and adiaba- 
tic exponent; (3, y, blowing angle and apex angle of conic nozzle; r, total number of 
dimensionless criteria; n, total number of parameters; m', number of independent measu- 
ring units; Re, Pr, Nu, Bi, Fo, Fr, Sh, At, Reynolds, Prandtl, Nusselt, Biot, Fourier, 
Froude, Struhal and Mach numbers; Symbols 0, initial parameters, parameters with no 
gas injection into nozzle; 1, 2, *, ct, parameters of main strea, injected jet, stagnation 
and of wall, respectively; max, maximum value; e, x, recovery parameters and those in 
any cross-section of nozzle. 


Figure Captions 

Fig. 1. Variation of heat transfer coefficient along nozzle length with sonic jet injec- 
tion through round hole. 

Fig. 2. Distribution of heat transfer coefficient in nozzle cross-section Xi/d 2 =4.1 for 
Mi =2.72 with gas injection. 
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Fig. 3. Maximum heat transfer coefficient before injected jet versus relative flow rate 
of gas injected. 

Fig. 4. Generalized relationship for maximum value of heat transfer coefficient in 
nozzle cross-section behind injection hole. 

Summary 

Heat transfer coefficient when gas is blown into a nozzle has been studied experi- 
mentally. To determine local values of a, the method of investigating unsteady-state heat 
conduction in a semi-infinite rod described by relationships of types (1) and (2) has been 
used. In Fig. 2 a typical picture of heat transfer distribution in a disturbed region is 
shown. In Fig. 3 experimentally is plotted the maximum value of a m ax versus process 
parameters. This dependence may be presented as (10). The maximum value of a in 
some section behind the blowing orifice is determined by (12) obtained by mathematical 
treatment of experimental data. 
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